Searches for resonances in final states with leptons and photons have always been a powerful tool for discovery in high energy physics. We present here the latest results from the ATLAS and CMS experiments, based on up to 36.1 fb −1 of 13 TeV proton-proton collisions produced at the Large Hadron Collider. Detailed results on single lepton, dilepton, diphoton and Zγ resonances are included.
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Introduction
Resonances in leptons and photons have historically been a powerful tool for discovery in high energy physics. Notable examples come to mind, such as the discovery of the Z boson through its dielectron decay, by the UA1 and UA2 collaborations [1, 2, 3, 4] , or the more recent discovery of the Higgs boson by the ATLAS [5] and CMS [6] collaborations [7, 8] , through its decay to photons or four leptons. The reason why these channels offer power tools for discovery is the high resolution with which electrons, muons and photons are reconstructed in typical high-energy particle detectors, and the relative low level of backgrounds that affect these searches.
Given the limited time allotted to this contribution, some choices necessarily had to be made: only a selection of results will be presented. The selection is largely personal, and it was my intent to favor recent results, particularly those which are based on the full 2016 LHC dataset of about 36 fb −1 of 13 TeV proton-proton collisions. This contribution will therefore focus on the ATLAS results for searches in lepton + missing energy channels, the ATLAS results for searches of dielectron and dimuon resonances, the CMS results on searches for diphoton resonances, and CMS results for Zγ searches.
Search for Resonances in Single Lepton Channels
The ATLAS search for resonances in single lepton channels [9] selects events with exactly one electron or muon, and significant missing transverse energy (E
miss T
). The thresholds on the charged lepton transverse momentum (p T ) and on E miss T are of 65 and 55 GeV, respectively in the electron and muon channels. Events with more than one reconstructed charged lepton are vetoed. The lepton and the missing energy are then combined in the definition of the discovery variable, the transverse mass m T = 2p T E miss T (1 − cos ∆α), where ∆α is the angle, in the transverse plane, between the direction of the lepton momentum and the missing energy.
The main background to this search comes from the irreducible charged Drell-Yan production of off-shell, high-mass W bosons (W * → ν, where = e, µ). This background is estimated from NLO simulation, to which is applied a mass-dependent scaling to take into account NLO-to-NNLO QCD corrections, as well as , times the branching ratio to final states with electrons or muons, as a function of the signal particle mass. The dotted black line represents the expected upper limit, and the green and yellow bands its 68% and 95% uncertainty intervals, respectively. The observed limit is shown as a solid line. The expected cross section for selected W and Z models are overlaid.
NLO electroweak corrections.
A sub-dominant contribution to backgrounds comes from events in which the results of colored haronization emulate a reconstructed lepton ('fake' background). These events affect mainly the electron channel and are measured directly in data, by defining a control region with relaxed electron identification criteria.
The obtained m T spectra are shown in Figure 1 , in the electron (left) and muon (right) channels. The markers represent the observed spectra on the full 36.1 fb −1 dataset, and they are compared to the background estimates which are stacked into a histogram. Overlaid are shown also the expected shapes for benchmark Sequential Standard Model (SSM) W signals of 3, 4, and 5 TeV mass. As can be seen from the bottom pad, where the ratio of the data to the total background estimates before (upper pad) and especially after (lower pad) the background fit, no significant excess is observed.
Upper limits are set on the production cross section of W particles, which can be seen in Figure 2 (left): the dotted black line represents the expected upper limit at 95% confidence level, and the green and yellow bands its 68% and 95% uncertainty intervals, respectively. The observed limit is shown as a solid black line. As a comparison, the cross section for SSM W is shown in red: as can be seen this search excludes this model up to a mass of 5.1 TeV. Similar results were published by CMS on a dataset of 2.3 fb −1 , with which masses up to 4.1 TeV were excluded [10] .
Search for Resonances in Dilepton Channels
The ATLAS search for resonances in dilepton channels [11] selects events with two same-flavor charged leptons, either electrons or muons, with p T > 30 GeV. The invariant mass of the dilepton system is the discovery variable, and it is scanned in the high-mass region to search for resonances.
The main background to this search is Drell-Yan production of off-shell high-mass Z bosons, and it is estimated through NLO simulation. Similarly to the single lepton search, mass-dependent scale factor are applied, to take into account higher-order QCD and electroweak corrections. Small contributions from other processes which also have two genuine leptons in the final state (such as events with top quark or heavy boson pairs) are also taken from the simulation. A small contribution to the background, which mainly affects the electron channel, comes from events with jets faking leptons. This is estimated in data with a method similar to the one used in the single lepton channel, adapted to the case of two leptons in the final state.
The invariant mass spectra of this search are found in Figure 3 , for the electron (left) and muon (right) channels. The data, corresponding to 36.1 fb −1 , is shown with black markers, and is compared to the 
Search for Resonances in Diphoton Channels
The CMS search for diphoton resonances [13] selects events with two photons with p T > 75 GeV, at least one of which with pseudorapidity |η| < 1.4. The events are then categorized into the EBEB and EBEE classes, respectively if both or only one of the photons have |η| < 1.4. The continuous background in this search is estimated directly in the data, through a fit of the diphoton mass spectrum. The background shape is parametrized with the function f (x) = x a+b log x , and the uncertainty related to the choice of this particular functional form was assessed through bias studies. Figure 4 shows the invariant mass spectra obtained in 12.9 fb −1 of data, in the EBEB (left) and EBEE (right) channels. The fitted background shapes are shown as blue lines, together with their 68% (green) and 95% (yellow) uncertainty bands. The ratio between the fit and the data, divided by the statistical uncertainty, is shown in the bottom pad.
The results on this dataset are combined with previously-collected 13 TeV data, and with the full 8 TeV dataset, to produce the results shown in Figure 5 . The left plot shows the observed p-values of the background-only hypothesis: the red line corresponds to the 8 TeV dataset, the blue one to 13 TeV, and the black one shows their combination. As can be seen, no significant excess is observed. The right plot in Figure 5 shows 95% confidence level upper limits on the production of spin-0 or spin-2 resonances, as a function of their mass, for three possible resonance widths. The expected cross section for a RandallSundrum graviton is overlaid with a red line, and as can be seen this search excludes the presence of such particles between 1.95 and 4.45 TeV, depending on the width. Similar results have been produced by the corresponding ATLAS diphoton resonance search [14] . Letters B 767 (2017) To set upper limits on the rate of resonant diphoton production, the modified frequentist method known as CL s [45, 46] is used, following the prescription described in Ref. [47] . The compatibility of the observation with the background-only hypothesis is evaluated by computing the background-only p-value. The latter is defined as the probability, in the background-only hypothesis, for q(0) to exceed the value observed in data. This quantity, the "local p-value" p 0 , does not take into account the fact that many signal hypotheses are tested.
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Asymptotic formulas [48] are used in the calculations of exclusion limits and local p-values. The accuracy of the asymptotic approximation in the estimation of exclusion limits and significance is studied, using pseudo-experiments, for a subset of the hypothesis tests and is found to be about 10%.
The signal shape in m γ γ is determined from the convolution of the intrinsic shape of the resonance and the CMS detector response to photons. The intrinsic shape is taken from the pythia 8.2 generator. A grid of mass points with 125 GeV spac-
The selection efficiency times acceptance for signal events ies between 50% and 70%, depending on the signal hypothesis. ause of the different angular distribution of the decay products, kinematic acceptance for the RS graviton resonances is lower n that of scalar resonances. For m X < 1 TeV the difference is apximately 20%. The two acceptances are similar for m X > 3 TeV. The event selection procedure described above is the same as one documented in [11] . It was finalized on the basis of studwith simulated signal and background event samples prior to pection of the data in the search region of the diphoton invarimass distribution, which is defined as m γ γ > 500 GeV.
A total of 6284 (2791) photon pairs are selected in the EBEB EE) category. Of these, 461 (800) pairs have an invariant mass ve 500 GeV. According to simulation, the direct production of photons accounts, respectively, for 90% and 80% of the backund events selected in the EBEB and EBEE categories. This pretion is tested in data using the method described in Ref. [44] good agreement is found between data and simulation. The diphoton invariant mass distribution of the selected events hown in Fig. 1 , for both the EBEB and EBEE categories. We perm an independent maximum likelihood fit to the data in each egory using the function
s parametric form is chosen to model the background in the othesis tests discussed below. The results of the fits are shown Fig. 1 .
Likelihood fit
A simultaneous fit to the invariant mass spectra of events in EBEB and EBEE event categories is performed to determine compatibility of the data with the background-only and the nal+background hypotheses. The test statistic is based on the file likelihood ratio:
ere S and B represent the probability density functions for onant diphoton production and for the SM background, respecly. The parameter µ is the so-called signal strength, while ⃗ θ resents the nuisance parameters of the model, used to account systematic uncertainties. The θ notation indicates the best fit ue of the parameter θ for any µ value, while θ µ denotes the t fit value of θ for a fixed value µ. To set upper limits on the rate of resonant diphoton production, the modified frequentist method known as CL s [45,46] is used, following the prescription described in Ref. [47] . The compatibility of the observation with the background-only hypothesis is evaluated by computing the background-only p-value. The latter is defined as the probability, in the background-only hypothesis, for q(0) to exceed the value observed in data. This quantity, the "local p-value" p 0 , does not take into account the fact that many signal hypotheses are tested.
The signal shape in m γ γ is determined from the convolution of the intrinsic shape of the resonance and the CMS detector response to photons. The intrinsic shape is taken from the pythia 8.2 generator. A grid of mass points with 125 GeV spacing, in the range 500-4500 GeV, is used. The resulting shapes Figure 4 : Invariant mass spectra of the CMS diphoton search, for the EBEB (left) and EBEE (right) categories. The background fit is shown with a blue line, together with its 68% (green) and 95% (yellow) uncertainty bands. The bottom pad shows the difference between the data and the fit, divided by the statistical uncertainty. Taken from [13] .
Search for Zγ Resonances
The CMS search for Zγ resonances [15] is conceptually similar to the diphoton search, but adds sensitivity to spin-1 particles. The search is split into two broad categories, depending on the decay of the Z boson: the leptonic channel, which is characterized by high resolution and low backgrounds, and is further subdivided into the eeγ and µµγ categories; and the hadronic channel, which has lower resolution and higher backgrounds, but also higher signal branching ratio, which pays off in the high-mass background-free region. Because this is a high-mass resonance search, the Z boson produced in signal decays will have a strong Lorentz boost: for this reason the hadronic channel uses large cones for jet reconstruction, and further categorized events based on jet substructure variables such as the 'subjettiness' variable τ 21 , and a novel b-tagging algorithm based on the jet subjets.
The invariant mass spectra obtained on 35.9 fb −1 of data are shown in Figure 6 : the left plot is the eeγ channel, the middle one is µµγ and the right plot is a selected category of the hadronic analysis. In all categories the background is parametrized with the same functional form used in the diphoton analysis described above, and the result of the fits are shown with a red line and a grey uncertainty band. The bottom pads show the ratios between the data and the fit, divided by the statistical uncertainty. Figure 7 shows the 95% confidence level upper limits on the production cross section of narrow resonances, as a function of their mass, in the leptonic channel (left), in the hadronic channel (middle) and in their combination (right). The observed limit (solid line) is compared to the expected one (dashed line) and its uncertainty bands. As can be seen no significant deviation is observed from the background-only hypothesis. Similar results have been produced by the ATLAS Zγ search [16] .
Conclusions
Searches for lepton and photon resonance have always been a powerful tool for discovery in high energy physics. We have presented the latest results on such searches performed on up to 36.1 fb 
Summary
A search for the resonant production of high-mass photon pairs has been presented. The analysis is based on a sample of protonproton collisions collected by the CMS experiment in 2016 at √ s = Upper limit, at 95% confidence level, on the production cross section of Zγ resonances, as a function of the resonance mass, for the leptonic channel (left), the hadronic channel (center) and their combination (right). The dotted black line represents the expected upper limit, and the green and yellow bands its 68% and 95% uncertainty intervals, respectively. The observed limit is shown as a solid black line. Taken from [15] .
